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WATIVE CELL BASED STIENCE

@ hazard identification
@ dose-response (in experimental region)

@ Epidemiology:

@ human relevance
@ dose-response

@ mode of action (mutagenic, cytotoxic, receptor mediated)

@ low-dose extrapolation (linear, nonlinear)

@ incorporation of mode of action in quantitative risk assessment

@ extrapolation (dose, routes, species)




@ Animal Bioassays:

@ human relevance
@ dose-response at doses below experimental region

@ Epidemiology:
@ impact of confounders, bias (Lash et al. 2012)
@ artificial linearization of dose-response (Crump 2005)

@ Mechanistic studies:

@ how to incorporate in quantitative risk assessment

@ Modeling:

@ only as good as the data its built on




Formaldehyde causes nasal tumors in
rats...

Kerns et al., 1983
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..but it's a normal constituent of cells

production
@ CH,(OH), is formed in cells by metabolism of

amino acids and during one carbon pool
metabolism.

H

gl:)g>—:|: é—

CH,0 < - CH,(OH), complexes with glutathione to form

hydroxymethylglutathione (K ..~ 1.0 mM).
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Total tissue FA in the nasal mucosa in rats, in the
absence of any inhalation exposure, was 0.42 +
0.09 umoles/g (i.e., 12,600 ppb)
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Cancer Risk Assessment Considerations
for Formaldehyde A




Cancer mode of action > expected dose/response

* Formaldehyde tumors
occur at high inhaled
concentrations (above 2
ppm) where severe
toxicity leads to
increased cell division to
replace dead cells
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Formaldehyde is a potent
irritant; the concentration
that reduces breathing rate in
mice by 50% (RD50) is 3 ppm




enomic Markers Changed by Exposures
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Comparison Between Genomic Dose
Response and Tumor Response
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Analysis of Mutation Frequency in p53 and K-ras Oncogenes
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NAS Report on the EPA Risk Assessment
for Formaldehyde
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LL BASED SCIENCE
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A simple approach for considering endogenous
formaldehyde in a systemic cancer risk assessment
(Swenberg et al. 2011)
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TABLE 3
Comparison of Extra Lifetime Risks of Developing NPC, HL, and LEU from Continuous Exposure to 1 ppm Formaldehyde as

Estimated Herein Using Formaldehyde-dG Adduct Data (dG-A) from Lu ef of (2018040, Lu of ol 20105) and Moeller ef ¢l (2011,
with Those Estimated by US. EPA Using Adult Human Data (Table 6-3, pp. 641, 6-42, US. EPA draft document)
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A pharmacokinetic model that includes
endogenous formaldehyde is now available
for inclusion in the CIIT BBDR model
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Labile methyl groups and
CVtOSOI one-carbon metabolism
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Endogenous and exogenous formaldehyde binding to
dG in rat nasal tissue after a single 6-hour
exposure to labelled formaldehyde concentrations
of 1,2,6,9,10, and 15 ppm.




Endogenous (green) and exo?enous (red) dG binding

of formaldehyde in rat nasa

tissue from exposure

to 2 ppm formaldehyde 6 hours per day, 7 days per
week, for 28 days.
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Model-predicted endogenous (dashed lines) and exogenous
(solid lines) formaldehyde-dG adducts at the exposure
concentrations used in the 2-year inhalation bioassays in
the rat (Kerns et al. 1983, Monticello et al. 1996)
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Genomic analysis shows that tumors
occur at concentrations associated
with severe cellular disruption (6
ppm and above)

Mutation analysis shows no evidence
of mutagenic activity at
concentrations that are clearly
toxic and tumorigenic

Modeling of endogenous and
exogenous DNA adduct data
supports a nonlinear dose-
dependence

These mechanistic studies provide
support for a threshold for
formaldehyde carcinogenicity
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